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(57)[ABSTRACT of the Disclosure] 



[ m] [PURPOSE] 

^^(7)^>#^CD^ tL-?:'ti;;4^ s M Each of two or more audiences 

j3V^'Cfcfc;i0^t>='yiJ"— In reproduction sound field, music with the 

h/f;— /b^(Dj^B^^t:iV^5cD,h|Rl breadth same with it being in fundamental-tone 

C^V^£f^A^^^i^'^f^s'^^^^'M fields, such as concert hall, etc. can be enjoyed, 

L/utz'O^ I'T/i'/c^lS'e Ol^l^jffi^ or evaluation of real noise can be performed. 
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[CONSTITUTION] 

Reverse filter network 5 is made to interpose 
between amp 4a-4d wliich is loudspeaker 3a-3d 
which can emit sound to recording device 2 on 
which was recorded sound information, and 
passenger Li,L2 as two or more audiences with 
binaural recording system. 
And this reverse filter network 5 is based on 
sound transfer characteristic between two or 
more loudspeaker 3a- 3cl and each ears of 
passenger Li,L2 both, it builds so that cross-talk 
between those loudspeaker 3a - 3d, and 
passenger Li,L2 can be eliminated. 



my 
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mmm(Dmm] [claims] 

[W*JSll [CLAIM 1] 

/^-f y ^y/i^i|X^;^^t^cfc*9 They are sound information recording means on 



9/11/2003 



4/77 



(C) DERWENT 



JP6-165298-A 



It HU WEN ft (7) 



"THIOiVIS^OlM 

— — 

OERWENT 

which was recorded sound information by 
binaural recording system, n sound production 
means (N 
IS_GREATER_THAN_OR_EQUAL_TO 2), 
reverse filter network built so that it might 
interpose between said sound information 
recording means and said N sound production 
means and cross-talk between these sound 
production means and audience could be 
eliminated based on n*2*N sound transfer 
characteristics between both n person (n 
IS_GREATER_THAN_OR_EQUAL_TO 2) 
audience's ears, and said N sound production 
means, these are provided. 
Sound-reproduction apparatus characterized by 
the above-mentioned. 



mm 



^ ^m^m 'tc ( n - 1 ) m 



mm. 



[CLAIM 2] 

They are sound information recording means on 
which was recorded sound Information by 
binaural recording system, n sound production 
means (N 
IS_GREATER_THAN_OR_EQUAL_TO 3). it 
interposes between said sound information 
recording means and said N sound production 
means, it is based on the sound transfer 
characteristic of n*2* (N-1) individual between 
sound production means of individual (N-1) 
except the furthest sound production means 
from each audience among both n person (n 
IS_GREATER_THAN_OR_EQUAL_TO 2) 
audience's ears, and said N sound production 
means, it is built so that cross-talk between 
these sound production means and audience 
could be eliminated. 

Such a reverse filter network, these are 
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provided. 

Sound-reproduction apparatus characterized by 
the above-mentioned. 



[CLAIM 3] 



■^'^^y^y/i'^MI^ They are sound information recording means on 

WiWn^B0\^fc^^ which was recorded sound information by 

^$kt. Ni® (N^3)£D^#^4fe binaural recording system, n sound production 
^^<5:, RufE^^tf^iS^^^ means (N 
tmmum<D^W^^^^^ ISj3REArER_THAN_0FLEQUALJ0 3), 

^1l^i^^tl>iv n>^^ reverse filter network built so that it might 

(DMMt interpose between said sound information 

M(^5^^B^'^^^ recording means and said N sound production 

and cross-talk between these sound 
ZM^'mW.iSiMW^^^ means and audience could be 

based on n*2*2 sound transfer 
f^(P^u7.h-''^^^^^'^^\^}§ characteristics between both n person (n 
m^fltzMy ^y^^^-y h y - ^ IS_GREATER„THAN_OR_EQUAL_TO 2) 
t:..^Mx.tz^t^Wi^tir^^^ audience's ears, and two sound production 
#^^§0 means which contacted each audience among 

said N sound production means, these are 

provided. 

Sound-reproduction apparatus characterized by 
the above-mentioned. 



[DETAILED 
INVENTION] 



DESCRIPTION 



of the 



[OOQl] [0001] 

[m:m±(Dmw^m [industrial application] 

:l(D^^MH. W-'^^i^W^i~^<^ This invention relates to sound-reproduction 

tW]ZJ;:o^j:^^J^^^ir^^W apparatus which can regenerate sound which 

^^^'f'^Zt^^V^^m'W^^ has the presence same with existing in 

^Si-^1L. m^.W^A\^ML fundamental-tone field. 
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X^Wz^^^W^h^h^^\t}^fti> Specifically, effect is demonstrated to two or 
cO'CfeSo more persons. 



[0002] 



[0002] 



46^8#;(i 99b)p633: ; ^ :; 



5o 



[PRIOR ART] 

Sound information, such as music of various 
sound fields, such as concert hall, and 
in-vehicle noise, is recorded with microphone 
arranged at both ears of dummy head which 
imitated human head, after processing the 
recorded sound information suitably by digital 
filter, by playing by loudspeaker, 
sound-reproduction apparatus which can hear 
the same music and same noise as being in 
fundamental-tone field in reproduction sound 
field conventionally exists. 
(For example, Miura Tanetoshi and acoustics 
bulletin 46 volume 8 No. (1990) p633-634 
Refer) 

Here, FIG 16 - FIG 18 is accompanied and 
outline of this conventional sound-reproduction 
apparatus is demonstrated. 
That is, as shown in FIG 16, 
sound-reproduction apparatus 1 is, recording 
device 2 which records sound information, such 
as music, with binaural recording system, two 
loudspeakers 3L and 3R which detached right 
and left ahead of audience L, and were 
distributed, amps 4L and 4R provided in every 
loudspeaker 3L and 3R, recording device 2 and 
amp 4L, reverse filter network 5 that interposes 
among 4R 
It comprises these. 
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As shown in FIG 17, sound Information 
currently recorded on recording device 2 is set 
to fundamental-tone fields, such as concert hall, 
it is sound information recorded considering 
right and left as separate recording sound Bi ,62 
in two microphone MPl ,MPr of right and left 
distributed by both ears position of dummy head 
D. 

Such a recording system is called binaural 
recording system. 

Therefore, If sound Information currently 
recorded on the recording device 2 Is played 
suitably, in reproduction sound field, the same 
music as fundamental-tone field should be able 
to be listened to. 

However, such an effect cannot be acquired 
even if It regenerates sound information only 
recorded on recording device 2. 
Because, it is even if it thinks that there is no 
reverse filter network 5 in composition shown in 
FIG. 16, it regenerates recording sound Bi 
recorded in position of left ear by loudspeaker 
3L and it regenerates recording sound B2 
recorded in position of right ear by loudspeaker 
3R, the so-called cross-talk that reproduction 
sound Si from loudspeaker 3L reaches not 
only left ear of audience L but right ear, and 
reproduction sound S2 from loudspeaker 3R 
reaches not only right ear of audience L but left 
ear arises, it is because sound Mi ,M2 which 
audience L hears with ear on either side is not 
in agreement with recording sound Bi ,B2 . 



[0004] [00041 

•^rT\ ^co'i^^f^^^gllcifc Then, audience L makes sound Ml ,M2 actually 
of fSv }^y-^/\<'^^-yh^—-^5 heard in agreement with recording sound Bi ,B2 
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[^\t±^^Vtz^^^:^^ with this sound-reproduction apparatus 1 by 

W'^y>(^^^^M building filter which can eliminate cross-talk 

'9vTfe#^L;i^ll[^(cliS< #^^ mentioned above in reverse filter network 5. 

M2 e'Bi: , B2 jc:— ISc^-M: Specifically first, as shown in FIG 1 8. test signal 

X.\/^^i^(DX^h^o MWtfy^^^^^ generator 6 is connected to Amps 4L and 4R, 

5fe"f [ill8fc^i"ct5fc> and reproduction sound Si and S2 according 

l; 4RitxXhfK-^^^^g6^ to test signal are generated from Loudspeakers 

^^^LX:^h'-:^3U 3m>h^ 3R. 

hit'^^^^ Based on the reproduction sound Si ,82, and 

ji^^^i^ sound Mi ,M2 measured in both ears position 

of dummy head D, sound transfer-characteristic 

. '^^iVt^ hii,hi2,h2i,h22 between Loudspeakers 3L and 

:^'r^iJM^^^^ 3R and both ears position is identified. 




[0005]: [0005] 

y^i^ And when sound transfer-characteristic 

hii,hi2,h2i,h22 they-identified is used, 

i vIff^^Si , ;S2^^i^ relationship between reproduction sound 

#Mi , M2 ic^ Si ,82 , and measured sound Mi ,M2 is 

: W^(D(:1}^ expressed as following (1 ) Formula. 

[0006] [0006] 

[15:1] [EQUATION 1] 



Ml ^ 




h 1 1 h 1 2 




S . 






h 2 1 h J 2 




S z 



[0007] [0007] 
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...... (1) (1) 

— I2|16CO|S;${-*31'>t:> ^ Effect made into the target in composition of 
O S^it"S^^{t. FIG. 16 on the other hand 



[00081 



[0008] 

[EQUATION 2] 



:M:i • 




i i;; 0 ' 




B 1 










B z 



[00091 [0009] 

••••"(2) (2) 
: -C^fe^o- -<7?.(2) ^^^M They are these. 

■■f"$)i:v Then, when this (2) Formula Is changed, it is 

[OOiOl [0010] 

imi [EQUATION 3] 



Ml 




. h M 


hi 2 






h 3 1 


h. 2 2 



[0011] [0011] 

"(3) (3) 

' tf^^o ti^^T, ±.mUy^RXf It becomes these. 

i3)^t^h. l?^#Si , S2 /i^T Therefore, If reproduction sound Si and S2 

tECD(4)^(C7i^-f =t5{-=^c^iT>(±*. are made of said (1) type and (3) Formula as 
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±IE (2) x^^^M^^in^^t\:^^J: shown in following (4) Formula, said (2) type will 
So be satisfied. 

[0012] [0012] 



1^4] [EQUATION 4] 



S r 




h 1 1 h 12 




-CD 






: : h 21 : h 2:1 ' 

I • . . ■ , . . ■ > 







[0013] [0013] 

•-:Vv(4) (4) 

ioT, t2^^M2i Therefore, what is sufficient is just to build 

Rir^T^felfe^^^ reverse filter network 5 which interposes 

W-^^^ between recording device 2 and Amps 4L and 

rf^^\:^M^ 4R so that following (5) Formula may be 

satisfied. 



[0014] 
[^5] 



[0014] 

[EQUATION 5] 



h II hiz 

h 2 1 h 2 2 



h II h 22 - h 1 2 h 



H 



H 11 Hi 2 

H Y 1 H 2 z 



h u 2 ~ hi I 
- h ( 2 h r i: 
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[0015] [0015] 

-••;(5) (5) 

Z(D.^MsMi6K7^^^ As a result, when it was conventional 

sound-reproduction apparatus 1 shown in FIG. 

iX^M^'m'Mi^^^^^^^ audience L was able to enjoy music the 

J[^##f£V:>§(D^ with it being in fundamental-tone field at 

^^\^/^t0M sound field, and was able to 

/i^'t^^feo perform evaluation of noise. 



[0016] [0016] 

[^^;0^M*Uct3i:"f S^^l [PROBLEM to be solved by the Invention] 

U;6^l:./c^;5^^3;^^ t^^ However, since single audience was comprised 

g 1 oT it. ^> ^ ^ from conventional sound-reproduction 

M^t\j^ apparatus 1 as object, two or more persons who 

M---''^f^^\^^^ exist in the same space were able to perform 

[p] C^d neither musical appreciation nor evaluation of 

^ noise similarly. 

That is, even if it provides the above 

^Wc^^^lf^^^^ sound-reproduction apparatus two or more 

W 1^7-^/1/^^ :yh!7--- B 3<^ lines, although reverse filter network of each 
^ g It S ^ P ^ ^ apparatus can eliminate cross-talk in self 

^^^^<t(i"i;ifcT'fe^ apparatus, cross-talk between each apparatus 

g^<7>>^nXh-^^^t^^-r5i<^ is not eliminable. 

[0017] [0017] 

wCDi^^^c^tSTKi^fi^ffi' This invention is made paying attention to 

f}^^i-^MMl^<^U^ f(^^ S b unsolved subject which such a PRIOR ART has, 

T^t^^ixfctiCDTfooT. comprised such that it aims at providing 

^^^^f^V^T'^/i^bic: sound-reproduction apparatus which two or 

1>T. W-'^^\^^^^(^t\^Z-Xo\^ more audiences can enjoy music the same with 

^^^^L/L//cDii^cof?ffi^tT it being in fundamental-tone field at 
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reproduction sound field, or can perform 
evaluation of noise. 



[0018] 



[0018] 



MiK^^i^i^m^iriJs (11^:2): 



i£t. 
B ; 



[MEANS to solve the Problem] 

Sound-reproduction apparatus which are 
invention of Claim 1 in order to attain the 
above-mentioned objective are sound 
information recording means on which was 
recorded sound information by binaural 
recording system, n sound production means (N 
IS_GREATER_THAN_OR_EQUAL_TO 2), it 
interposes between said sound information 
recording means and said N sound production 
means, reverse filter network built so that 
cross-talk between these sound production 
means and audience could be eliminated based 
on n*2*N sound transfer characteristics 
between both n person (n 
IS_GREATER_THAN_OR_EQUAL_TO 2) 
audience's ears, and said N sound production 
means, these are provided. 



{00 19] 



m 



±.^^mm ^^^^l^. n A (n^ 



[0019] 

Moreover, sound-reproduction apparatus which 
are invention of Claim 2 in order to attain the 
above-mentioned objective are sound 
information recording means on which was 
recorded sound information by binaural 
recording system, n piece (N 
IS_GREATER_THAN_OR_EQUAL_TO 3) 
sound production means. It interposes between 
said sound Information recording means and 
said N sound production means, it is built so 
that cross-talk between these sound production 
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means and audience could be eliminated based 
on the sound transfer characteristic of n*2* 
(N-1) individual between sound production 
means of individual (N-1) except the furthest 
sound production means from each audience 
among both n person (n 
IS_GREATER_THAN_OR_EQUAL_TO 2) 
audience's ears, and said N sound production 
means, such a reverse filter network, these are 
provided. 



[0026] 

k^^t<Dmz^m^. (n^ 

2): t^i^t.%©m#.i SfriBNi® (7). 



[0020] 

Furthermore, sound-reproduction apparatus 
which are invention of Claim 3 in order to attain 
the above-mentioned objective are sound 
information recording means on which was 
recorded sound information by binaural 
recording system, n sound production means (N 
IS_GREATER_THAN_OR_EQUAL_TO 3), 
reverse filter network built so that it might 
interpose between said sound information 
recording means and said N sound production 
means and cross-talk between these sound 
production means and audience could be 
eliminated based on n*2*2 sound transfer 
characteristics between both n person (n 
IS_GREATER_THAN_OR_EQUAL_TO 2) 
audience's ears, and two sound production 
means which contacted each audience among 
said N sound production means, these are 
provided. 



[0021] 



[0021] 



mm] [OPERATION] 

ft^^IlteifecOi^P^icfcoTti, In invention of Claim 1, since reverse filter 
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[0022 J 

m^tzri X 2 X (N - 1 ) 1@ (D^ w 
^ jt#t4 tCB<5 V:^t.^ 13^ K-^ 
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network which interposes between sound 
information recording means and sound 
production means is built so that cross-talk 
between these sound production means and 
audience can be eliminated based on n*2*N 
sound transfer characteristics between both n 
persons* audience's ears, and N sound 
production means, the number of sound 
information recording means is one (in other 
words, sound source of sound-reproduction 
apparatus is one). 

However, each audience hears music and noise 
same with it being in fundamental-tone field. 

[0022] 

Moreover, in invention of Claim 2, I think that 
influence of the furthest sound production 
means from each audience is small to grade 
which can be disregarded, since reverse filter 
network is built so that cross-talk can be 
eliminated based on the sound transfer 
characteristic of n*2* (N-1) individual except 
sound transfer characteristic between both 
each audience's ears, and the furthest sound 
production means from each audience, effect 
equivalent to above-mentioned invention of 
Claim 1 is obtained with fewer calculation loads. 



[00231 



[0023] 

Furthermore, in invention of Claim 3, influence 
of two sound production means close to each 
audience thinks that it is very large compared 
with other sound production means, since 
reverse filter network is built so that cross-talk 
between these sound production means and 
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X 2teo^:#{gig#t^^^^^^ audience can be eliminated based on n*2*2 

X^ti^^W^^^^^ sound transfer characteristics between two 
Of^(7:>i^p:^^^^^ production means close to each 

audience, effect equivalent to above-mentioned 

vy^ft^^y^^J^^ invention of Claim 1 is obtained with calculation 

^tM^(Df^Mt^\^ loads further fewer ththe above-mentioned 

fgicfD^^it9t^:^iblc invention of Claim 2. 



[0024] [0024] 



mmm [examples] 

Hereafter, Example of this invention is 

: fcS-^V ^^ift^!t?5o; 0 1^ demonstrated based on drawing, 

2^t^^^<D^l'M^ FIG.1 and FIG2 is a figure which shows this 

xC^feo^v ^i^^ invention 1 Example, comprised such that this 

'i'WW^^^® used sound-reproduction apparatus 1 based on 

: ii^fefe this invention to front seat of vehicles, 

fcf^ ■ j^^l^iGiv^^ This invention was used to apparatus which 



asks two passengers Li each as an 
audience who is in-vehicle specifically the same 
M{LV^6^<^^^^ as being in fundamental-tone fields, such 

53ggt-*^^:^aiM as concert hall, etc. 

'^^o-^iol^^'^L^ In addition, the same code is attached in 

M^W^U^M^ composition equivalent to conventional 

?^-^^^^t>TV^?)o sound-reproduction apparatus mentioned 

above. 

[0025] [0025] 

BP^s :^JISfeifyic:fcoXliv-Sf^ That is, in this Example, while having a total of 
0^]^lMStcfe;B"jc:xl&^z:A© four loudspeakers 3a, 3b, 3c, and 3d isolated 
^MLi RljL2 .(D^M^t\^(0'JE and distributed by right and left at each front of 
ffit::fe:^i^^iML'C@E$K5lt two passengers Li located in a line with right 
W^(D7^\i"^:^3ay 3b, ScRXf S and left at front seat of vehicles, and L2 , each 
d^^^^ tti^{^. 3a loudspeaker 3a-3d each is connected to Amps 

^3d(D^H^^tiliT>y'4a, 4 4a, 4b, 4c, and 4d, sound production means are 
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b, 4c&U^4d^c:^^^;^^"C^^T^ comprised by each group (these loudspeaker 

Zixh^^'—ti3a^3dRXlTy 3a-3d and amp 4a-4d). 

y^4a'^4d<^^ti^^t^ In addition, loudspeaker 3a- 3d is on dash panel 

Xm'W^^^^^^^f^^t}^^^ by in-vehicle front part, in-vehicle 

>^t"^^:3;a^^ side is turned to and it is fixed. 



IQ02&1 



[0026] 

And each amp 4a-4d is connected to recording 
devices 2 as sound Information recording 
means on which was recorded sound 
Irfe^l^feW^ information (for example, tape recorder etc.) by 

'X<^Mx^ binaural recording system through reverse filter 

IS:^SE:2:f£^^ network 5. 

(D^0:WM2^ The recording method of sound information on 

M^M^>:^ this recording device 2 is the same as that of 

jSi^^Sfc-j^^^ case in conventional sound-reproduction 

ibt); 13 apparatus mentioned above. 
^il^^ttSd Composition shown in FIG. 17 is used as it is. 



[0027] [0027] 

-^J7\ M On the other hand, since the content of reverse 

P^Mi^'-^W filter network 5 has loudspeaker 3a-3d with four 

cD-Xfc°— ;^;3a-v3d^#t^^ sound-reproduction apparatus 1 and passenger 

^^tLXO^ML: , L2 70^— A Li as an audience and two L2 are in it, it is 

TtS^ct^^^c^^^l'i'^^^i built in the following procedures. 

|gi"'5o 5fe1"l2!2tc^^J:9 That is, as shown in FIG. 2. test signal 
fc, r>^7'4a-^4d(ClxxMf generator 6 is connected to amp 4a-4d, and, 

±BM6^^M\^X^^°r-:^S^^ first, reproduction sound Si -S4 according to 

3d/5^557^;=^Mt#fej^^^ test signal is generated from loudspeaker 

Si -S4 3a-3d. 

Si:'^S4 i:. ^5— ^^KDi , D2 It is based on the reproduction sound Si -84 , 

(TDfSfi^fi g-^;^^iJ^$ttfc^Mi and sound Mi -M4 measured in dummy head 

--'Ma <hf^S":5v^T. :^\f'—ti<D D^ ,D2 both ears position, each loudspeaker 3a 
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^^xmMW^^ZUi:^^M0^ - 3d in which two number-of-particles * 
X^iii, 4 X 2 X 2 = 16M) W^i'^ passenger number * of loudspeaker 
: #7;t^r-^3ar>^3d<t (This Example 4*2* 2= 16 pieces) 

(D,m:S(^t(^m0^^ Exists and 

'^h44^[Ri;^:^ Passenger Li both ears, sound 

transfer-characteristic hirh44 between these is 
identified. 



[0028] [0028] 

^L1^^, C:i1>fe And when these sound transfer-characteristic 

~h44 ^ffl hirh44 is used, it is, sound Mr :-M4 measured 

^^ixTt b'M v in both ears position is expressed as following 

(6) Formula, 



[0029] 



[0029] 



[EQUATION 6] 



Mr 

M3 

Ml 



I I I : n 



h 3: 



h 3 2 : 
h 12 



13. h i 4 ; 



has-: 
hi 3 



h J 1 

h A A 



s 



[0030] [0030] 

(6) (6) 

T^IIJfe^iJc^^^l^rSclz: joV Effect made into the target in composition of this 

^0 S-^i:-t"5)3ti^l±> Example on the other hand 

[0031] [0031] 
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[EQUATION 71 



Ml 




1 


0 


0 


0 




B , 






0 


1 


0 


0 




B : 


■ 




.0 


0 


,1 






Bi 


Mi 




0 


d 




1 




B.J 



[00321 [00321 

(7) 

: -efc/So ^wt?, Z,(D:i7)M:Ml^ They are these. 

"f'/Si^v Then, when this (7) Formula is changed, it is 



[00331 

imy 



[00331 

[EQUATION 8] 



Ml 




■ h-:,. 


M.; 




hi 


M.i;: 




h 1 


Ml 







ha2 hzj 



h 
h 
h 



1 4 [ 








■3:4;: 




"4 4;. 





h .1 

h , I : 
h 3 1, 
h ^t 













hi: J hi 


3 :* 


K 








B: 


















h 2 « h 2 


3 . 


h 


y* 






B: 




hi2 his 


h 








B 










B 




h 


4 4 











[0034] [0034] 

(8) (8) 

ctTtfSo fi^oT. ±tS(6)^&t>* It becomes these. 

(8)x^;?5^^. S^ e^Si —84. ^^T Therefore, if reproduction sound St -S4 is 

^^(D i9)-^\^7\kir Xo^^^iti^^^ made of said (6) type and (8) Formula as shown 

±E(7)^/5^tllJ£^tL5^<hi:i^£ in following (9) Formula, said (7) type will be 
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satisfied. 
[0035] 

[EQUATION 9] 
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s 


1 . 




h ii 


h I a 








ha t 


. h 2 2 


s 






:h s i 


h 3 2 


S: 


■<'■ 






h 4 7 : 



h 13 
has 
has 

h 13 



h M 
h 2 1 

h 4 1 





B 1 




Be 







[0036] [0036] 

••••••(9) (9) 

j-oT, :^^Sfe^Ji3:;Jotrt-5j^d7-i' Therefore, what is sufficient is just to build 

/u^^l^-yf f7— ^5{4> TtB(^ (10) reverse filter network 5 in this Example so that 

^^MS:i'?)^^i^^M'ttii^M following (10) Formula may be satisfied. 

,v>. ■ ■ ■ ■ 

[00371 [0037] 



[iclO] [EQUATION 10] 
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1 1 


h 


1 i 


h 


1 3 


h 


I 4 




Hi I 


H 2 1 


H 3 1 


H11 


h 


•i 1 


h 


3 1 


h 


■i S 


h 


2 H 


[ : 


H .2 


H 2 3 


H 3 2 


Hi 2 


h 


3 t 


h 


a e . 


h 


3 3 


h 


3 4 


iHi: 


H ,,1 




H ,1 s 


H A « 


h; 


4 I . 


h 


4 


h 


*3 


h 


4 4 




H . , 


H24 


Ha 4 


H 4 4 
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(10) 



[0038] 

tII. reverse filter network 5 ^eco-es fo^ as 
shown in FIG. 1. when loudspeaker 3a-3d of 
recording sound .B. and as input, and 
supply place unifies common things, 
;'::iln. each component ,Hl.H..^.wh^ 
comprises reverse filter network 5 .n th.s 
Example is as follows. 



[0039] 

[EQUATION 11] 




-hit 



hi. hz. 
+ hn| h,. h,z h,; 

hi. h*' 



- h 



h ,, -h 

h,. h«2 h4» 



[0040] 
[i(l2l 



[0040] 

[EQUATION 12] 
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h J., 


:h 




h 3 1 


h 


3 4 




Vh 


3 2 


h. 3 3.; 




H 


■ = +■■ 


hi, 






- h 2 J 








+ ha, 
















h 4 i 


h 




hit 


: h 


4 1. 




h 


>t 2 












h 3 1 


h 3 1 




h . . 


h 


3 A 




h 


3 1 


■ h 3 3, 




H 




h J, 














+ h VI 
















.h 


h 4 1 




h 4 1 


h 


4 .4 




: h 


1 1 : 







H ,,= + 



h m: 



Ha I — — 



: h . 



h; 3 4: 

;h:4-4- 



r h 
r h 



h 4 ,: 



ha 4 



hn ^ 



•:h. i 



h J » 
h 4 » 



h } I has 
h 4 i: . h 4 3 



h,4 
h 44 



- h 



h J 2 h J 4 

h 4 a h 4 4 



+, h i. 4 



+ h: 



h ;i I . h 3 2 

h 4 1: . . h :4V 



h 3 r h 3 2 
h 4 r :h 48 



h :s 1' : : h ,1 3 
h ;4 2 ; h 4 8 



H 2 2 — + 



H 2 3 — — 



H74= -f-. 



hii 



; h s J ha 4 

h 4 S h V4 

h i?: h 34 

h 4 h 4 4 

h 3 2. h 3 3 

H42 h43 



- h 



- h\ 



:h3i 
h 4 J 



h 31 

h 44 



-hi: 



h 11: h 3 4 

hit h 4 4 

h»l h 33 

h ( t h 4 J 



+ h 



+ h 



hat '■ h 3 3 
h 4 V h 43 

h. a' 1: : -h a 2. 
h 4 J . h 4 a 

h ; hs 2 

h 41 : :h 42; 
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ho 
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h 2, 



h u 



h i t . h: a.i 
h I.I h *A 



+ h 




h ,j 


h 


a:-* ' 




: h 


M 


ha I. 






h 


2 3 




: — h 1 a . 








: + h iV 










h 


i i 




h 


f 1 


hi, 






h 


4 5 


h j2 


h 


I i 




h 


I \ 




■ ■+ hi;;: 


h 


h 


2 2 






■ " )^ > a 














h 4 2 


h 


4 1 






t 1 


h M 




h 4. 


h 


'■ii. 



H 3 f — ~ 



12: 



H 4 3 



hi a ht3 
h .4 2 h < a 



— h 1 2 



h ti : h 2 3 



+ h: 



h 21 : hrt ; 
h 4 1 ": -hit 



hid h z\ 
h 3 3 : ;h 3 4 



h 



h 2 3 h 24 



It 



h i 2 h 2 i: 

h 32 h 3 1 

h 2 2 h Z 3 

h s 2 has 



h 22 > he 4 
ha 2 ha 4: 



+ :h:, 



h 22 :h 2 J 
h J2 : h IS 



h 3 1 :■ ^ t 
ha I n 3 4 



+ h 



h 2 1 hi 3 

ha I has: 



•■h:i; 



h 2 1 
h 3 1 



h 24 

ha 4 



+:h .:4 



h 2 I h 2 2 

h .4 1 ; : h 8 2 . 



- h 



h 2 1 his 
ha I h 3 5 



-f h 



h 2 I he 2 

h 3 1 h 3 Z 



[0042] [0042] 

-^rbT; ^IcDct^i^cCP^ And with such composition, each sound Mi 

^MLi , L2 (D^ti:^ti(D&^ and M3 in left-ear position of passenger Li X2 

f4S(^^oit5)'p Mi StJ^Ma tlia are in agreement with recording device 2 at 
#S<^2{c:/<^y— recording sound Bi by the side of left ear by 

TV^5fc:5;jIiJcoiK^#Bi iz—^ which binaural recording is carried out, since 
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passenger Li , sound M2 in position of each 
right ear of L2 , and M4 are in agreement with 
recording sound B2 by the side of right ear 
binaural to recording device 2 and recording on 
it, music with the breadth same with two or more 
passenger Li and L2 setting in-vehicle, 
respectively, and it being in fundamental-tone 
fields, such as concert hall, etc. can be enjoyed. 



[0043] 



[0043] 

From there being characteristics of surely 
converging on zero by within a time with limited 
response of impulse, and not having pole other 
than origin/datum here, if the stability of the 
system is considered, generally FIR filter will be 
used by filter for control. 
However, since it has sharp mountain and sharp 
valley as shown in FIG3(a) for columnar 
resonance, the frequency characteristic of 
in-vehicle sound pressure level of vehicles is, if 
reverse filter network 5 is formed with FIR filter 
whose part of mountain becomes blunt as 
shown in FIG3(b), cross-talk cannot be 
completely negated as shown in FIG3(c). 



[0044] 

t;i^Px^K— ^:?r^^i- 



[0044] 

On the other hand, with IIR filter, since parts of 
mountain and valley do not become blunt as 
shown in FIG3(d), cross-talk can be completely 
negated as shown in FIG3(e), and flat 
characteristics can be acquired. 
As for reverse filter network 5, with 
sound-reproduction apparatus 1 used in-vehicle 
as this Example in other words, it is desirable to 
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I>!7— ^5fi. FIR7-r/U^-Cfi/^ form not with FIR filter but with IIR filter. 



[0045] [0045] 

M4R%J^^5it^^^M(D^2^M FIG.4 and FIGS is a figure which shows this 

M^^i~[21'CfeoT^ ^liJfeMt) invention 2 Example, comprised such that this 

l.U^l'MMMt^^^iW^^^M Example as well as said 1st Example used 

ti^.S'e WS^^fil^SfSf© sound-reproduction apparatus 1 based on this 

mMM^ invention to front seat of vehicles. 

iS:iS^.±^ In addition, the same code is attached in 

)7^fcfi|^li#^ composition equivalent to said 1st Example, the 

rf^iSiJi^U overlapping explanation is omitted, 

ife^jtcii^^ That is, in this Example, fundamental 

itJi^^ iMM^^ composition Is the same as said 1st Example. 

^^M^A^^^ However, influence with respect to the 

3d^^0^M^ passenger Li of furthest loudspeaker 3d from 

^ML2 vi^fejftfeji^V passenger Li , with influence with respect to the 

3aO^c0^ML2 passenger L2 of furthest loudspeaker 3a from 

ti^l^rQ^:^ passenger L2 , I think that it is small to grade 

XVyX^ M which can be disregarded, as shown in FIG. 5, 

MMt'^SSiSi-i/J^^ sound transfer-characteristic h4i about small 

Mi~^e'WfSji^$i4h4i,^:h^ influence, h3i, h24, and h^ are omitted and 

24^t>^i4^WB&UT#x.XV^5o considered to these extent that can be 

disregarded. 

[0046] [0046] 

t^oT. :^MMMX*li. Therefore, in this Example, number *of (number 

(Of@ic-l) x^MtScx2ita (C:c7) of particles -1 of loudspeaker) * passengers 2 

^?IJt:^i^ 3x2x2= 12i@)c7:)H' piece (this example 3*2* 2= 12 pieces) sound 
^{gj$^tthii'--h44 transfer-characteristic hii-h44 will be used, 

^Ztl^^j:^^ Ctbb}^J:oTfS]5 sound M1-M4 measured by these in both ears 

{4g'Cfflij;$;^ti>/':: e'Mi ^M4 position is expressed as following (11) Formula. 

[0047] [0047] 
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im^] [EQUATION 14] 



Ml 




h . 1 : 


. h j 2 


h;) si 


0: 






M2 ; 






hi 2 : 


h 2 3 ■: 


.■:0 : 




S 2 


Ma 




■::0.:- ... 


h 3 2 


h 3 3; 


h:s 4 










:0;:::::-: 


:■ h t i 


h IS 


h .I-4 







••••••^dl:):- ^ 

SO (ii:)^(?3;:iBia^:i:^ii^:f^ 



- ^;5:^fi|]55c« I. H 



[0048] 

(11) 

This (11 ) Formula is equivalent to (6) Formula In 
said 1st Example. 

Therefore, it can require for reverse filter 
network 5 in this Example like said 1st Example, 
and it becomes as shown in FIG 4. 
However, since there are few number of 
particless of sound transfer characteristic used 
as above-mentioned than said 1st Example, 
each component |H|',Hii' - H44' which 
comprises reverse filter network 5 is as follows. 



[0049] 

mi5] 



[0049] 

[EQUATION 15] 
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0 ■ 



h r 

h 3; 
ivv 





h i'l 


hit 


■Q : ; : 




;0 : 


h i i. 


ha 4 




: 0 V : 


■h 4 ! : 


h 4:4 



■■0::: 
h- 3 4: 
h 4 4 
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H 1,' 



H ,2- h: 



hit hi 4 

h 8 3 h S 4 

h 4 a : h 4 4 



9 2 h HA 
hn 





h 32 


: h 3 4 










: h 4 2 


h 44' 



h s 
h 4 



! :h;a3' 
J h 4 n 



H: 



h:, 



- h 



h 3 3 


• h 


3':4:;. 




h 13 


h 


4 1 





















h 32 h 34 
h 4 J h 44 



h ,13 . h 3 f 

hi 3 ■ h 4 f 



H as" = h I I 



H24' =h 



h 4 2 h 4 i 

h 3 2 h 3 8 
h 4 2 his 
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Ha I 


=■■+■' 


. h 1 J 


ha 3 
hi s . 


h A 1 




h 2 * 

: h >! 2 


■ 0 

h ' 


H. 3 2* 


■=z - : 


:.H 11; 


h 2 3 

h A 1 


0 

h 4 1 


— hii 


hi): 

: 0 


- 


H.3 3 : 


= + 


h II 


ha i 


. 0-: ■ ;. 

:;'h";4it 


;h:r«. 


hll.; 

: . 0; ":• 


h 4.4 


Ha 1 




h , 1 . 


hi 1 

hit 


. * ' ■ ' . . 1 

hi s 

h:4 9 : 


. - h > » 


h 1 1 

i'O':' - : 


has: 
h 4 . 


H4V 






h 11 


■'io 

: h 3 a 


: :-::h-i:3;' 


;h:2 a 

: h jz : 


0 ; 



+ h. 



I ; ; h 1 1 

h 41 



H 4 3 ~ ~ 



h . 



h i a ; :.;h a' 4 

h 22 0 

h J a : h s 4 



:h 8 z . h z 8 

h 32 h J3 



- h 



-h 



-h 



0: -Jih 



hzi 

0 ^ 



h J 4 



ha I hi a 

0 :h 33: 



21: :h 2 s 



[0052] [0052] 

::^J|;^M^ti^^ Thus, since each component |Hr,HiV ; - H44' 

ti>it\ i^7y/^^^>^K!7^^5^ which comprises reverse filter network 5 will be 

iH7?5ci"'5^^^ I H I ' , HiV simplified compared with said 1st Example if it 

^H44V/5^±tai5lliSfe:^t]t3:l:l:^ is composition of this Example, fewer 

Tffi^^l^$^ti5>fc0. ±ta|ll^ calculation loads can implement effect 

Sfef'J^I^^cDf^ffl^ll^. <t>9^^ equivalent to said 1st Example, and, moreover. 
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/^V ^f^W^'^^lL^-oXM^'t^^ reduction of cost is also achieved. 

i:755^#s L7!)^t>=?7.hofg;j^t)III In other words more practical 

ib;fb6o o^;0> i'^ll^^^^y^^^ sound-reproduction apparatus 1 can be 

n^mmi^m^'t^^tmv^ provided. 



[0053] 



h4i , :h32, n42, ni3, n 

-So 



[0053] 

FIG.6 and FIG7 is a figure which shows this 
invention 3 Example, comprised such that this 
Example as well as said 1st Example used 
sound-reproduction apparatus 1 based on this 
invention to front seat of vehicles. 
In addition, the same code is attached in 
composition equivalent to said 1st Example, the 
overlapping explanation is omitted. 
That is, even if it is in this Example, fundamental 
composition Is the same as said 1st Example, 
However, I think that influence of two 
loudspeakers which contacted each passenger 
Li and L2 , respectively is the largest, and 
influence of loudspeaker of other than that can 
be disregarded, as shown in FIG. 7, sound 
transfer-characteristic hai, h4i, haa. h42, hi3, has, 
hi4, and h24 are omitted and considered. 



[0054] 

X (r(Di?rJ-Cf±^ 2 X 2X2 = 8 
i@)0#TCit#t4hii~h44 

-M4 nTB(Dm)^(Di:^{:im 



[0054] 

In other words, in this Example, number *of 
number-of-particles (2) * passengers 2 piece 
(this example 2*2* 2= 8 pieces) sound 
transfer-characteristic hiv - h44 of large 
loudspeaker of influence will be used, sound Mi 
-M4 measured by these in both ears position 
is expressed as following (12) Formula. 
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h \ i 




. 0; 


ni 2 




: h:2i: 
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h s .1 
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h 41 


h 
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[0056] [0056] 

•.••••;(;12) (12) 

. (12)^flJife0il^ This (12) Formula is equivalent to (6) Formula in 

i6l^6i6y^\zMM'fih<D-r}h said 1st Example, 

;#il!Sfe^>|{ci^^ Therefore, it can require for reverse filter 

:7vf;u^;t>->'h7'^^5f*x ±^^1 network 5 In this Example like said 1st Example, 

and it becomes as shown in FIG 6. 

W&i^W^^^^^^^o:^^ However, since there are few number of 

Mt>tci.7lt.M\^^^^^ particless of sound transfer characteristic used 

#Mco|ii5:/5^Jita|ll as above-mentioned than said 1st Example, 
ti^i''^i^tV:*fii6v:J^ component |H|^Hii" ■ -;: ; :H44" which 

~^^54:MMi^M^M^ I H I ", comprises reverse filter network 5 is as follows. 
Hii"~H44"(i ■ Tfeo J:5 
"bo 

[0057] [0057] 

[ms] [EQUATION 19] 
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0: 
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his 



0 

h 3 f 

h44 



3 3 hn - h J I h 43) - h 12 h ? I (hash 
h » 2 h s I ) ( h as h i>i — h :m h < 3): 



4 4 h 8 1 h 4 
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mm 
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h 3 3 h S4 
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h 13 h 4 4 



h «2 ( h 3 3 h. M - h i 4 h 43) 



= - h 1 1 ( h 3.3 h : * — h J t h: 4 s ) 



Hi, - • 



Hi 2" 



li 3 3 h J 4 
h 4 3 ;h 44 



- h ii : (; h 3 3 ii;4 1 ~ h :>4:h rs) 













h 33 


. h 3 A ■ 




S-h'.,r. 






~h 11: 




h 4 .1 


hi 1: 





C h: 3 3: h V4 - h 34 h i>) 



;a,:.-'.^'h.4-4: 



- h 



0 h;4 4 



h ! I h i2 h li ~ h 1 3 h 7 1 h 



H 3 4 : 



0 ; h 43 



- h 



- h- 



H 4 3 



I h 2 J li 4 a + h 12 h 3 1 h 



ha. 0 : : 
0: i hig; 















h22 0 




[■■h.Ti'-V'O: 






t 1 




- hi 2 


: .0 : : : ■■ h 34 








0 h 34 









= - K \ I h 2 2 h 3 f+ h 1 2 h 2 1 h 34 



h 0 
0 : has 



- h 



ha I 0 
0 h 33 



= h J I h 2 1 h 33 - h I a h I i h 33 
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icDipiiv^^^llt^ Thus, since each component |H|",Hiix^:H44" 

tVf^x i^?^^ comprises reverse filter network i5 Will 

Mfl^ be simplified compared with said 2nd 

H:4A^^ if it is composition of this Example, 

effect equivalent to said 1st Example is 
1 MM^^ t W Jt realizable with calculation loads further fewer 

MMZ'^M^M than said 2nd Example. 

M^^M^ Sound-reproduction apparatus 1 practical in 

X^^o ^^ other words further can be provided. 

:t5o 



[0060] [0060] 

# ii;, : Jfe^^ > jfi ^ Especially, composition of this Example is 

^6Z^^^^^^ suitable when influence of two approaching 

W^i^M"^^^^^^ loudspeakers becomes bigger notably (for 

(Dm^M)M'tM^ example, when regenerating sound in front seat 

t'^M^W and backseat of vehicles). 

h^^o^^ FIG, 8 is a figure which shows this invention 4 

^TT^rf' EI "C^ o-C . ^"^M i^i^ Jt Example, comprised such that this Example as 

:lB-^:iJ^ well as said 1st Example used 

W.^'m'M^M^^W^ sound-reproduction apparatus 1 based on this 

ii M l>^- ^ ^fc; 5 o invention to front seat of vehicles. 

In addition, the same code is attached in 
composition equivalent to said 1st Example, the 

: Slft^f*^''B&;^5o overlapping explanation is omitted. 



[00611 [0061] 

iPPfes-^ That is, sound space of two passengers Li to 

mMMB\^^^^ which this Example boards into front seat of 

vehicles, and perimeter of L2 has relation of 
symmetrical, it is in conditions that passenger Li 
isiS left ear and passenger L2 right ear are 

■^;fC!^^i£fct^v equivalent in other words. 

tW Influence of premise of being in conditions that 

: V>5 passenger Li right ear and passenger L2 left 
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■^>(!d^^^:>^ are equivalent, and the furthest loudspeaker 

^"T? # Si: V y^MMt^^ S V >X from passenger Li ,L2 is made based on 

premise which is when it can ignore. 



[00621 [0062] 

And while using reverse filter network 5 similar 
to conventional sound-reproduction apparatus 
one person demonstrated in FIG 16 - FIG 

;^jfflV>Sife<^ti|^ loudspeaker 3a,3b an^anges three 

3a, 3b^tj^3c^ loudspeaker 3a,3b and 3c so that loudspeaker 

&^{z:^^^ 3b,3c may be located in a line with passenger 

o;^ M 1^2 (^mJ^ic^: t^:^ i^^P L2 front left and right together with passenger 
; 3:b> : 3c . Li front left and right, furthermore, output of 

(conventional left-ear side) by which filter 
processing was carried out in reverse filter 
network 5 is supplied to amp 4a,4c which 
M^iiMf^:^^ actuates loudspeaker 3a,3c positioned in edge, 

: of another side (conventional right-ear 

\fr^:^3h'k^ by which filter processing was carried out 

Ifi^^ reverse filter network 5 is supplied to amp 4b 

/U^^M^tvfti^ which actuates loudspeaker 3b positioned in 

^^^^^ ' center. 



[0Q63]: [0063] 

such composition, music which had the 
M<7)My-^^ same with it being in fundamental-tone 

0(7:>j^ fields, such as concert hall, in two passengers 

HAc^^MLi ; iL2 ii^^i:^— h • Li X2 by reverse filter network 5 for one 
/}>--:/t/i^^ persons and three loudspeaker 3a;-3c 

be listened to. 

'y^^^^^^-^f)^ can be considered as sound-reproduction 

1 for opposite two or more persons 
with in other words very simple composition. 
M^;^ FIG9 and FIG10 is a figure which shows this 

i^'^^ invention 5 Example. 
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[0064] [0064] 

Here, it is not considered as said 1st or 
7<f composition which alters the content of reverse 
: f^^^^K#^pR5c<k filter network 5 in 4th Example. 



However, in closed space which is in-vehicle in 
particular, since sound transfer-characteristic 
h:44 ti^^M may change a lot according to 

temperature, the number of passengers, 
feSt^^^ opening-and-closing situation of window, etc., 

'7-f j\^^^y \^ though reverse filter network 5 acts favorable in 

Mi^^tV'Ch,^^^ a certain situation, guarantee of acting 

-^^^f fef^^T^^ favorable in other situation is not obtained. 



10065] [0065] 

: Then, recording device 2 and amp 4a, and 
2&t/5^i>^>^^^^ controller 10 comprised including reverse filter 

i^^^^^^"^ network 5 among 4b are made to interpose in 

'ft^>h^^:^^0^^ this Example. 

;ii^5:=J>:^hP-^510F^ In this controller 10, it is with test signal 

/U^^<yy\>^^^ generator 6 other than reverse filter network 5, 

fH-^6^;^^R6iivi^:7;^ selector switch 11 which chooses output of 

■h!7i^^5i7) i±J^^ reverse filter network 5, and output of test signal 

^i|^S60ffl generator 6, and is supplied to Amps 4a and 4b, 

]4:eiy 4bi^ it is based on microphone MPi distributed by 

.■it<^^^ both ears position of output of test signal 

generator 6, and passenger Li , and MP2 
W:^^ and is loudspeaker 3a, identification 

12 which alters the content 
reverse filter network 5 so that sound transfer 
characteristic between both ears of 3b and 
passenger Li may be identified and it may 
P-^^^^^ further adjust in the identification result, these 

12^^ ■ are provided. 

:[0C)661 [0066] 
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; :^: l;>T v:::^ And in this Example, with switching signal input 

(D by operation of passenger Li , test signal 

generator 6, selector switch 11, and 

if]^^ identification arithmeric_sectlon 12 will be in 

■^2iii^j^ operating state, and update the content of 

■^^^^ reverse filter network 5. 

^\z^^ In addition, as the concrete calculation 

M^^^ approach of sound transfer characteristic in 

i^^tjif^^W^ identification arithmeric_section 12, method to 

J:5;fe^?i^:; LMS depend on FFT, method of using adaptive filter 

i f & y^/^"^ ^ ffl V ^£ by LMS algorithm etc., etc. can be considered. 

[0067] 10067] 

M^ i^. PP^^^ For example, random signals, such as white 

fiv Tx^Mf noise, are made to generate as a test signal as 

■^^(Dyy^J^ a method of depending on FFT. 

(D XHr # <t -^-f i^^; n M P Fourier transformation of the test signal and the 

1 , M P2 /5>Sy ^ M i^'^ :fc^F measurement sound which microphone MPi 

¥^^^"7-^^^^^ and MP2 measured is carried out by FFT, and 

transfer function is calculated in quest of 
attenuation state for every frequency 



/^^^^ impulse response function, the content of 

; 2>o:i reverse filter network 5 is updated according to 

the result. 



10068] [0068] 

profile of method of utilizing LMS 
is as follows, 
is, let test signal be x(n), let measurement 
: [M of the l-th microphone when test signal is 

from the m-th loudspeaker be ei (n), 
gcT): transfer-function Cim between the m-th 
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;^t:°>T^:<7i:l^^ loudspeaker and the l-th microphone and filter 

Wf^^^^ factor con-esponding to the j-th are made into 

J^^:^^ C^mj . if output of adaptive filter under renewal 

/^^M^ of filter factor is made into y(n) 



y (ri) =SC"i», X (n- J) ''-'[[y^ 



Mf^m^^ym:^^:Wmmm^ These are established. 

Next, when evaluation function Je is square of 

/\y:^(Dlii:fd^:t^ difference of measurement sound of 

i:; microphone, and output of adaptive filter, it is, 

Je:= { e, : (n) --y (n) }^ je={e, (n)-y(n)}2 

= { e,- (n) - Sic - In,, X ={e, (n)-(SIGMA)C% x{n-\)f (14) 

: (n-^j:);p ■ It becomes these, that filter factor imj is 

ti^ei^i, updated with value which carried out partial 

:^;^^C^imi differential of this evaluation function Je about 

M.-^^(D-7y(?V^^^C- :\m] each filter factor C i^j • 

■ 

[0069J [0069] 

■:i?ri^i::ihiB;(14):S^j5>fe> : Then, it is from said (14) type. 

^ a je/ise'imj ' ■■■■ 5:Je/5 Q'^ imj 

, = ±^:2x(n-j)::{e^ =i-2x(n-j){ei (n)-(SIGMA)C% x(n-j)} 

;<n)-XC",mjx(ri-j)} ■■• (1 5) 

Since it becomes these, rewriting type of filter 

: • • (15) factor becomes as following (16) Formula. 

x[0070] [0070] 
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: ■e"i,nj;;:(hH^:l) =^G'imi^ C^m| (n+1)=C^mi (n 

■■::;;-K:;a:i:(rt-j:):{^i +(alpha)x(n-j){ei (n)-(SIGMA)C^mj x(n-j)} 

f : (n):;^:-£e"im(:3C^pj^ (1 6) 

In addition, (alpha) is a coefficient called 

••• (16)^^^^: ;: convergence coefficient, comprised such that 

^ ^M^ra:^^^ filter is involved in speed converged optimally or 

W^^'^'^^^^^^^^^^U its stability. 




[0071] [0071] 

li 1 0 li/^ ^M^i<D If f|SE^S» CD FIG 10 is a flowchart which shows profile of 

f^-V^^-^h processing of characterizing portion of this 

■Cfci^, i^TIll 1 dk'^oX*|l Example. 

i&"0ii(OM^gftPJ-t-5o BPt), 5c According to FIG 10, effect of this Example is 

i^^(D7^7-y-:/lOl\zioV^X^0 demonstrated below. 

{s:#;4'^ A;'3^:iT>'tV>'5;i»i£'»^^^ That is, it is judged whether first in step 101, 

^ij^U "^"t'^#'ft-^-55^A;^$ switching signal is input, when judged with 

tiX^^^j:^^t^\'^0tlfz^'a\y- switching signal not being input here, it is 

ti. j^:7>f/'U^^5/hI7— ^5(DI^ judged that it is not necessary to alter the 

'^'^'^M'i'^'.i^^^^^^.f^^^t^l'^ content of reverse filter network 5, processing 

U 7.r-yy'i02^P^(D^MWM after step 102 is not performed. 

[0072] [0072] 

iU-jJi^U ;^^5/7°i:01 "^-^^fif ; However, when judged with switching signal 

I t^X:^ ^fiiX^^^t^M^iVtiW being input at step 101, it moves to step 102, 

^^^ -^^^^ selector switch 11 is changed to test signal 

i:"t!'^#;^^'>f' l;1^7^;^>ii# generator 6 side here, subsequently, it moves to 

^^^4^^^ step 103, test signal is generated in test signal 

generator 6, and this is outputted. 

'^^MMMQ}^^^ Then, from Loudspeakers 3a and 3b, test sound 

^fi^\Jili^^^.^^ according to test signal occurs, this is measured 

: li*'^-^^ by microphone MPi and MPa . 
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[0073] [0073] 

^x^/y^l04i5^tTLT And it moves to step 104, microphone MPi 

-v:-f^p-7;^>^MPi , MP2 cT^iy and MP2 measurement_result are read, and it 

'^'if^^^^?^&^< ^ sets to step 105, transfer function is identified 

izi3\/^i:y^^^ by method which identification 

^p7;J->^MPi/ MP2 arithmeric_section 12 mentioned above based 

^tT^hinW^l^^^^^ on microphone MPi, MP2 

Ltc:iJii:^\^^^ measurement_result, and test signal. 

-t.^o .-^^^^^ If this transfer function is identified, it will move 

TciDy^f^ryt^ to step 106, according to the new transfer 

(DM0ii^MM^i^^^ function, the content of reverse filter network 5 

J}^^'^^ is updated suitably. 



[0074]: [0074] 

\-(dJzo\^^^ Thus, if it is composition of this Example. 

f^f(£:<■^M^^^^^^^ according to request from passenger Li , 

TJXt"— ?(7 3a> Sb t^Mi^i <0M transfer function between Loudspeakers 3a and 
SFi:c!9rHl(5^^^ and both ears of passenger Li will be 

^OfSiSM^f-fSDT since the content of reverse filter 

^^'y^^^^^^ network 5 is updated according to the transfer 

Ti^ v function, even if sound transfer characteristic 

M iSc, MPM ^ t^?£^ may change a lot according to temperature, the 

i^^<sMf>i^^^ number of passengers, opening-and-closing 

|l^^^l<tL'C© T'^f^^ situation of window, etc., favorable effect as a 

^^%?)^t'A^'V'^i>o sound-reproduction apparatus 1 can be 

obtained. 

[0075] [0075] 

milHT^^P^cOllelliife^tJ^^ FIG. 11 is a figure which shows this invention 6 

'rm'(:^h^oMh..^MMm(Dm Example. 

7^^ji;ff j^fiJifB|g5^;^0t^ That is, composition of basic target of this 

l^#l?fe'9^ ^^c^5^^^4^ ±ta|g5 Example is the same as that of said 5th 

^WJ"Ctt^M/5^b«^*t:::f& Example. 
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.tX^W0^0^^^^ Differing judges whether sound transfer 

rCfoofecDl^ characteristic varied by this Example to having 

fi. e'W^ii^i^ been composition of searching for sound 

:^?5^^;fiJ^l>v transfer characteristic according to request from 

tit::.^^i^'mWi&M^^^ passenger in said 5th Example, when it is 

X^^y^/^'^^^yh9'^ judged that it varied, it is point considered as 

6^fj^tLtzM.Vh^o composition which updates reverse filter 

network in quest of sound transfer 

characteristic. 

•[0076] [00761 

^^sM From in-vehicle sound transfer characteristic 

M^ir^>M^i M<^ varying according to position of temperature, 

KWiy M^ opening-and-closing situation of window, the 

"ii^ number of passengers, and passenger etc. in 

M:^"^^^ other words, for example, while providing 

MN^^^^ thermo sensor which detects in-vehicle 

^iM^^ temperature, window opening-and-closing 

T^^t/^, i^^Y(D{t!0^^^i^'i> position sensor which detects 

i^--ThitLW^>^'^ opening-and-closing situation of window, seat 

\t\Mllo:)7^'f^ switch which detects passenger's existence, 

seat position sensor which detects position of 

^v^V>"^;^7'i/:;^ seat, it is judged whether detected value of 

these sensors was read in step 110 of FIG 11, 

X'UWBM^^t^^i^^ then to step 111 it moved, and sound transfer 

75>^^Jllfr^?)o ^tJO;^T>' characteristic varied based on detected value of 

^1 1 i:i3i3V^T#TCji^$i4/5^ these sensors. 

^^^btXV^St^il^^ixfc^^i- And when it is judged that sound transfer 

jiv >^7^:y>7'l 02i^JiP^(D^S^II characteristic varies in this step 111 , processing 

tf i"5o after step 102 is performed. 

[00771 [00771 

:z.(Di:.^ti)iM^'<:^fi\t^ -htSl^ With such composition, effect equivalent to said 

5|ISS^iJcb:[nl^(Z){^ffl5^|^^,^ 5th Example can be obtained, without troubling 

^(D^^mt>^^tfi:<n^^ti)^ passenger's hand. 

X^^oMl2RXimi^\^^W^ FIG.12 and FIG13 is a figure which shows this 
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invention 7 Example. 

That is, it is at this Example, with memory table 
13 on which was stored relationship between 
position of temperature, opening-and-closing 
situation of window, the number of passengers, 
and passenger, etc. and each component of 
reverse filter network 5, it is in controller 10, 
filter choice section 14 which chooses the 
optimal filter stored in memory table 13 
according to sensor detected value supplied 
from thermo sensor, window 
opening-and-closing position sensor, seat 
switch, seat position sensor, etc., these are 
provided. 



[0078] 



;^ll;Oi?;ir^^cD^ 



[0078] 

And as shown in FIG 13, detected value of 
sensor is read at step 110, and it is judged 
whether then to step 111 it moved and sound 
transfer characteristic varied based on detected 
value of these sensors, when it is judged that 
sound transfer characteristic varies in this step 
111, it moves to step 112, value of filter 
corresponding to sensor detected value is 
chosen, the content of reverse filter network 5 is 
updated with this selected value. 



[0079] 



[0079] 

In other words, if it is composition of this 
Example, even if sound transfer characteristic 
as well as said 5th Example may change a lot 
according to temperature, the number of 
passengers, opening-and-closing situation of 
window, etc., favorable effect as a 
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T§> L/i^fcs x^^K'e ^^^^-ti: sound-reproduction apparatus 1 can be 

5i£^^S;5^^cfV'>;^i>?5, 7^;^h{t^^ obtained, and since it is not necessary to 

^MLi lc:^75^tt5w<!::;J>^.fV^L. generate test sound, test signal is not asked to 

passenger Li . 

;0\feSo Identification calculation also has advantage of 

being unnecessary. 

[0080] [0080] 

;^iS<M^T^^ In addition, it is considered as composition 

^ti:MxjflCp'^ which can exchange memory table 13 and 

:^^Mf^< ^^^ which is stored, for example in IC card etc., and 

7^-^:ii^v^^ the so-called entry system, if the content of 

fi^^'^BTT memory table 13 stored in the IC card is set up 

CP'-^^<^ for every owner of IC card, sound transfer 

^i^^fx^ characteristic which changes with each 

-i>^Cti^>'^^ passenger's physiques etc. will be reproduced 

# correctly, it comes to be able to perform 

^fivJ^^IB K>ce:*9^ localization of more exact sound field coming be 

'i^^^^t;^tfC:<t^iip'<7)|^0;i^ made and enjoying further real music, and 

"Ttt (ci/^So evaluation of noise. 

[0081] [0081] 

mi4RX^mi5ii^ FIG.14 and FIG15 is a figure which shows this 

I^-efoS invention 8 Example. 

W ± IB H 7 'MM Mi: That is, fundamental composition is the same 

^^liM'Cli. fait as that of said 7th Example. 

x^y^/t/15}c, iryiJ-^ti}fiS(75 However, in this Example, filter factor variation 

^itMl^M^^y^/^'^i^M^it with respect to variation of sensor detected 

m^t£lH$ii:'CV LX^ value is stored in memory table 1 5, and renewal 

v'l^^^^Mir^i eftv -fe section 16 of filter factor reads filter factor 

ti^MK&^^^'XM^M variation from memory table 15 based on 

^^hy-fJ^^^^^itm^l^^ta sensor detected value, the present filter is 

bv^^lS^ffiLi^-^^kfii^l^i^C updated according to the variation of read, and 

X^^(Dy^/i^^^W.^LX^ti it is considered as new filter, this is set as 

^j:y^,/i^i^tL. Zti^^y^/i^^ reverse filter network 5. 
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[0082] 



[0082] 

When it is judged as shown in FIG 15 in other 
words that sound transfer characteristic varies 
In step 111, filter variation which moves to step 
114 and is stored in memory table 15 based on 
variation of sensor detected value is read, 
subsequently, it moves to step 115 and value of 
the present reverse filter network 5 is read, and 
it moves to step 116, read value is added at 
steps 114 and 115, and this is updated in quest 
of value of new reverse filter network 5. 



|G083| 



[0083] 

Since filter variation is calculated according to 
variation of situation with such composition, 
setup of filter finer than said 7th Example is 
attaine^;^^^^^^^^^ore real sound field 
can be performed now. 

In addition, also in composition of this Example, 
the content of memory table 15 is stored in IC 
card etc., and, of course, it is good also as an 
entry system. 



[0084] 



[0084] 

In addition, each said Example demonstrated 
case where sound-reproduction apparatus 1 
based on this invention was used in-vehicle. 
However, sound-reproduction space which can 



fi^?grHlfi-tb(iPg^^ixSt)CO apply this invention is not limited to this. 
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"CiiTt^v^ "SfCv i-f5#IIJfei^Jt' Moreover, each said Example demonstrated 

fi^i^>:^#-<!:LX;<^^MA^^X^<^ case where there were two passengers as an 

#^{c:ov ^X^iMA^:^^ audience. 

itS^I^JtX^^X'^^^^MJi't However, this invention can be used even if 

M#'Sti(D't?$?5o audience is three or more persons. 



[0085] 



[0085] 

























Mi 













[ADVANTAGE of the Invention] 

As explained above, according to this invention, 
reverse filter network is built so that cross-talk 
can be eliminated by making two or more 
persons' audience into object, after processing 
sound information recorded by binaural 
recording system in reverse filter network, it 
writes with composition supplied to sound 
production means, each of two or more 
audiences 

It is effective in ability to enjoy music with the 
breadth same with it being in fundamental-tone 
fields, such as concert hall, in reproduction 
sound field etc., or perform evaluation of real 
noise. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



mi] [Fiai] 

W|g 1 llffi^dcDtiJ^Jc^^ It is block diagram which shows composition of 

^>^'p>^|I!'Cfe2)o this invention 1 Example. 

m2] [FIG 2] 

|^l^Jfe1^'J{^^3H*2)#^{5jS1# It is figure which shows measuring method of 

tt<7)5|iJ^;^/i^^i-[gJ-efo^o sound transfer characteristic in 1st Example. 

[1213] [FIG 3] 
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'7:>{/i^^^^ It is frequency-characteristic figure explaining 

^^#til21'Cfe5o the characteristics of filter mode. 



imi [FIG 4] 

It is block diagrann which shows composition of 
^y'uy^^'Vh^o this invention 2 Example. 

imi [FIG 5] 

M2MMMi^io\1'^^ It is figure which shows measuring method of 

sound transfer characteristic in 2nd Example. 

iiiel [FIG 6] 

It is block diagram which shows composition of 
this invention 3 Example. 



[FIG 7] 

M^^^ It Is figure which shows measuring method of 

:f40Si^;^:&^^ sound transfer characteristic in 3rd Example. 



[I2I81 [FIG 8] 

It is block diagram which shows composition of 
■t":/p^y^[IIn?fe6o this invention 4 Example. 

[1191 [FIG 9] 

It is block diagram which shows composition of 
't*>^p>y^[21"CfeSo this invention 5 Example. 



miO] [FIG 10] 

||5^JfeMt-ioit64#1l5[p|55):® It is flowchart which shows profile of processing 
^^(D^^^7ik'f'y a-'=f-:Y^h of characterizing portion in 5th Example. 



nil [FIG 11] 

|^6^JfeM{-^o tt54#ilS[p|5^^^ It is flowchart which shows profile of processing 

of characterizing portion in 6th Example. 
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[12112] [FIQ12] 

M^^M^^^^^ It is block diagram which shows composition of 

^-/;;p^;/^[g]-Cfeg,^ this invention 7 Example. 

[[21131 [Fiai31 

"^T^^M^ It is flowchart which shows profile of processing 

of characterizing portion in 7th Example. 



[ 111141 [FIG 14] 

:>^^0<^^ It is block diagram which shows composition of 

"t^^i^^M this invention 8 Example. 

[0151 [FIG 15] 

^S^M^l^WT'^ It is flowchart which shows profile of processing 

^iiS<?9lSM^^i^ of characterizing portion in 8th Example, 



[[21161 [FIG 16] 

It is block diagram which shows composition of 
conventional sound-reproduction apparatus. 



[[21171 [FIG 17] 

/<y( / It is explanatory drawing of binaural recording 

-efcSo system. 

[[21181 [FIG 18] 

It is figure which shows measuring method of 

^^^"[Sl'CfcSo conventional sound transfer characteristic. 

[If ^©IftP^ 1 [Description of Symbols] 

1 ^ 1 

2 tS^^^ i^W^n Sound-reproduction apparatus 

IBfBi^^l^) 2 

Sa-^Sd Recording device (sound information recording 
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4a~4<i Ty/ 

hii~h44 l^Peii^tt 

u , L2 mmm^^) 



means) 

3a-3d Loudspeaker 

4a-4d Amp 

5 

Reverse filter network 

Hti h/u Sound transfer characteristic 

Li , I2 Passenger (audience) 



11 



[Fia 1] 



2 



Bi 



r— 



B2 



1/ I H I ■ 



Hl2+H32 



H21 + H41 



1/1 HI 



H13 + H33: 



H22+:H42 
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